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By transforming landscapes, human activity creates new types of habitats with altered 
environmental characteristics that never existed before. As the process of habitat urbaniza-
tion bears impact on more and more natural habitats, it is essential for us to understand the 
changes we bring forth in the ecological forces shaping urban animal communities. Birds 
are perhaps the most frequently studied model organisms by urban ecologists. It is a well 
known general pattern that urban avian communities have typically reduced species rich-
ness, while the density of a few successful species is often higher in cities than in adjacent 
more natural habitats. But it is less understood which mechanisms generate and uphold 
these community-level changes. In this review we discuss the most important components 
of the urban environment influencing birds’ physiology, behaviour or morphology, and 
compile several recent studies to illustrate their effects. To understand urban food webs we 
also review the results of bottom-up and top-down approach which suggest that altered 
food availability and predation may play key roles in forming recent urban bird communi-
ties. We encourage future research to focus more on experimental, manipulative studies, 
that would help us not just to realize general patterns but shed more light on the mecha-
nisms, the underlying processes prompting changes in urban bird communities.
Key words: urban ecology, species richness, resources, predation, bottom-up effect, top-
down effect.
URBANIZATION AS A WORLDWIDE PHENOMENON
Our planet is urbanizing rapidly as Earth’s urban-dwelling human popu-
lation is growing by one million per week nowadays. The pace of urbanization 
is excellently illustrated by the facts that while in 1950 ca. 30% of our planet’s 
human population lived in cities, this ratio has reached the 50% in 2008 and 
continuously growing ever since (UN-Habitat 2012). This trend has been espe-
cially dramatic in the developing countries of Africa, Asia and Latin America 
in the last decades (Lee 2007). It is an inevitable consequence that with increas-
ing number and extension of human settlements, the environmental pressures 
called forth by this process are also become more and more severe. Urbanized 
landscapes have seriously altered energy flux, nutrient cycles, hydrology and 
heat balance, highly elevated pollution levels (e.g. Collins et al. 2000). They 
are also examples of extreme anthropogenic landscape transformations, with 
the great proportion of artificial and impermeable surfaces, the altered and 
maintained flora, high human densities and vast amount of garbage having 
significant impacts on biodiversity and ecosystems (Pickett et al. 2011). It is 
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undoubtful that urban landscapes differ from natural ones in several environ-
mental features which in turn determine the properties of both animal and 
plant communities trying to persist in these unique habitats.
In this review, first we discuss the most important types of environmen-
tal changes in urban habitats. Next, we consider the outcome of these changes 
as reflected in avian species diversity and composition in urban areas. Then 
we discuss how the top-down and bottom-up forces in urban food webs can 
influence bird populations of the cities. Finally we delineate some factors lim-
iting our current understanding and also propose some research directions 
that would help us to gain more insight into how these crucial ecological fac-
tors change along an urbanization gradient and what impacts do these chang-
es yield in urban bird communities.
URBANIZATION: EFFECTS ON ENVIRONMENTAL COMPONENTS
Perhaps the most well know feature of the urbanized environments is 
their substantially altered local meteorological conditions (Parlow 2011). For 
example, precipitation is often enhanced in cities due to the higher concen-
tration of particulates serve as condensation nuclei (Pickett et al. 2001). The 
phenomenon called urban heat island effect is one of the best documented 
climatic feature of cities, referring to the higher temperatures of urban areas 
compared to their surroundings (Collins et al. 2000, Kalnay & Cei 2003). The 
difference between urban and non-urban temperatures can be several degrees 
on average and especially noticeable after sunset when the absorbed heat dur-
ing daytime is reemitted (Pickett et al. 2011). Animal and plant populations 
may respond to the higher urban temperature, for example, by earlier bloom-
ing dates and prolonged vegetation growth period, in which phenomena 
the reduced risk of springtime frost in cities plays a remarkable role (e.g. re-
viewed by Neil & Wu (2006)). The altered vegetation phenologies (e.g. earlier 
bud burst, flowering, fruiting) affect the life cycles of insects which, in turn 
affect the arthropod food availability for bird species. If birds cannot respond 
as quickly to changes in spring phenology as their invertebrate prey, then the 
earlier appearance of arthropods may decouple the interactions in predator-
prey relationships, i.e. by causing asynchrony between the peak abundance 
of phytophagous insects (e.g. caterpillars) and the timing of breeding of in-
sectivorous birds (e.g. Penuelas & Filella 2001, Visser et al. 2006). On the 
other hand, however, warmer climate in the city may also influence birds’ 
overwinter survival, leading to increased breeding populations (e.g. Chace & 
Walsh 2004). However, to test the role of milder climate in itself, separated 
from other features of habitat-urbanization (e.g. from the influence of food 
availability), is challenging.
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Urban areas are also sources of many types of chemical pollution, with 
concentrations several times higher than the global average. Air, soil and wa-
ter pollution (due to emissions from industry, traffic and heating, or nutrient 
loads to water bodies) cause changes in biogeochemical and nutrient cycles 
and primary production (e.g. Grimm et al. 2008); however, pollutants’ exact 
mode of action are still not well understood (Pickett et al. 2011). Their ef-
fects may expand well beyond city boundaries and once entered to the food 
chain, they can be detrimental for a wide range of organisms, including birds 
(e.g. Eeva et al. 1998, 2003). Small, insectivorous songbirds are good indicators 
of chemical pollution, since they occupy high trophic levels and have high 
metabolic rate. In urban areas enhanced levels of bioaccumulation of heavy 
metals has already been demonstrated in many common bird species, e.g. 
in the House Sparrow Passer domesticus (Swaileh & Sansur 2006, Kekkonen 
2011, Bichet 2013), the House Wren Troglodytes aedon or the American Robin 
Turdus migratorius (Hofer et al. 2010). The detrimental, synergistic effects of 
such pollutants on birds’ physiology is also documented by several studies 
(e.g. Outridge & Scheuhammer 1993, Eeva & Lehikoinen 1996) and it also 
known that young individuals are more sensitive in general (Scheuhammer 
1987), suffering from higher mortality, reduced body mass and condition (e.g. 
Janssens et al. 2003). Heavy metal pollution may pose both direct and indirect 
detrimental effects on birds’ reproductive success. To assess their relative im-
portance, a recent study (Eeva et al. 2014) manipulated the dietary lead (Pb) 
levels at Great Tit Parus major nests, and compared these nestlings’ physio-
logical, biometrical and plumage traits to those of the nestlings living in a 
heavily polluted area (near a copper smelter). Despite of the similar exposure 
of lead in the treatment group and in the birds of the highly polluted area, 
chicks of the latter exhibited lower survival, decreased size and also the signs 
of inferior health state, compared to the treatment groups. This result under-
lines the potential indirect effects pollutants e.g. by affecting the arthropod 
fauna serving as food for the birds.
Ecological light pollution is another characteristic disturbance related 
to urban settlements which is caused by the high number of artificial light 
sources used in the cities. It has complex and subtle effects mainly on animal 
behaviour via affecting animals’ orientation, migration, foraging, reproduc-
tion and communication (reviewed by Longcore & Rich 2004). It may also 
result in forming new interactions between competitors (e.g. Petren & Case 
1996) or predators and their preys (Perry & Fisher 2006) that would not meet 
normally. Artificial nightlighting has demonstrable effects on a wide range 
of animal taxa from flying insects (Eisenbeis & Hänel 2009) to several verte-
brate groups, including birds (Gauthreaux & Belser 2006). In birds, especial-
ly migrant species are susceptible to light pollution as many migrate during 
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night, and hypothesized to use light sources as visual references instead of 
natural cues on the horizon, especially on nights with heavy clouds and fog 
(Gauthreaux & Belser 2006). Once being attracted, they can either become 
trapped and/or die from collision or exhaustion, and may additionally suf-
fer from other consequences, e.g. reduced energy stores or delayed arrival at 
wintering or breeding areas. As light is supposed to initiate singing behaviour 
in birds, artificial night time illumination should also affect territorial and 
courtship behaviour (reviewed by Gauthreaux & Belser 2006). In line with 
this, males of several bird species has been demonstrated to start their dawn 
choruses earlier in sites with more pronounced light pollution compared to 
their conspecifics of darker territories (Miller 2006, Kempenaers et al. 2010). 
A recent study on captive Eurasian Blackbird Turdus merula found that, when 
exposed to low light levels during nights, individuals started to moult and de-
veloped their reproductive system earlier compared to birds kept under dark 
night conditions, similar to forest nights (Dominoni et al. 2013a). The underly-
ing physiological mechanisms were investigated on urban- and city-dweller 
Blackbird kept under constant conditions (Dominoni et al. 2013b). It turned 
out that forest and urban birds differed both in their chronotype and circadian 
clock, as the urban birds had longer daily activity (i.e. woke up before dawn) 
and shorter circadian period length, whereas forest birds’ timing of starting 
and ending the day was more closely related to the natural twilight. Russ et 
al. (2014) also demonstrated that urban Blackbird exposed to higher levels 
of night lighting forage longer after dusk, a difference especially notable in 
early spring when daylight hours are short. However, the authors did not 
find any positive correlation between light intensity and body condition, sug-
gesting that birds might not profit from the extended foraging time (but they 
may have more time for mating or other activities during day time). From all 
of these studies it seems clear, that artificial light pollution has a substantial 
effect on behaviour and modifies the endogenous circadian rhythmicity of 
urban birds.
Anthropogenic noise pollution refers to the altered acoustic environ-
ment of cities and transportation networks. It has impacts on animal com-
munication systems and behaviour by masking acoustic signals related to ter-
ritorial defence, mate attraction, alarm calls, pair-bond maintaining calls, and 
begging calls of nestlings (Warren et al. 2006). For example, in European robin 
Erithacus rubecula it has been experimentally demonstrated that noise level in-
fluences both spatial distribution of males (they avoid noise-emitting sources) 
and their singing behaviour (McLaughlin & Kunc 2013). The assumption that 
elevated noise levels affect birds’ breeding success negatively has gained sup-
port on a few species so far. For example, a study conducted in the proximity 
of a highway showed that Great tits breeding in noisier areas had smaller 
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clutches and raised fewer chicks independent of clutch size (Halfwerk et al. 
2011). Other studies found that males of noisy territories are often lower qual-
ity, younger ones that are less successful in attracting mates, presumably be-
cause females either avoid these sites or the song of these males are masked, 
or both (e.g. Habib et al. 2007, Gross et al. 2010). The latter phenomenon can 
be a handicap for males owning noisier territories, since song repertoire and 
characteristics are known to be important cues for females to assess a po-
tential partner’s quality. A study of House Sparrows suggests acoustic inter-
ference by noise in parent-offspring communication: Schroeder et al. (2012) 
has found that parents breeding in chronic noise reach lower reproductive 
success compared to parents of control areas – supposedly because elevated 
noise masks parent-offspring vocal communication, e.g. begging calls of nest-
lings. Noise pollution may also cause physiological stress, or affect other as-
pects of behaviour, e.g. it may interfere with sounds playing important roles 
in predator-prey interactions (Barber et al. 2009). For example, in elevated 
background noise Chaffinches Fringilla coelebs increase their vigilance and re-
duce their pecking rate during foraging (Quinn et al. 2006), and in Tree Swal-
lows Tachycineta bicolor the experimentally elevated static noise reduced nest-
lings’ ability to respond parental alarm calls properly (McIntyre 2013). Since 
anthropogenic noise is concentrated mainly at low frequencies (Warren et 
al. 2006), bird species using high-frequency songs (i.e. masked less by urban 
noise) supposed to be in selective advantage compared to species with lower-
frequency songs, proposing the idea that the former could be preadapted to 
inhabit urban environments. This hypothesis has gained some support from 
within-genera comparisons in more than a hundred avian genera (Hu & Car-
doso 2009) outlining the role that noise pollution may play in the success or 
failure of certain species in urban environments. However, it seems that at 
least some bird species are able to compensate for elevated noise levels by 
altering their singing characteristics e.g. amplitude or frequency, as it was 
found in Common Nightingale Luscinia megarhynchos (Brumm 2004), Great 
Tits (Slabbekoorn & Peet 2003, Slabbekoorn & van Boer-Visser 2006), Song 
Sparrows Melospiza melodia (Wood & Yezerinac 2006) or Grey-shrikethrush 
Colluricincla harmonica (Parris & Schneider 2009), due to either behavioural 
plasticity or evolutionary adaptation. Interestingly, noise pollution may also 
offer an alternative explanation to the phenomenon of nocturnal singing of 
diurnal birds in cities: this behaviour could be an adaptive response by which 
birds try to avoid daytime acoustic interference while singing (Fuller et al. 
2007).
Roads are prominent features of urbanized landscapes that are sources 
of various traffic-related pollutants, alter hydrological systems (Coffin 2007) 
and also increase collision mortality (Andrews et al. 2008). Road avoidance 
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in animals, especially due to traffic noise is a well known phenomenon. In 
their meta-analysis, Benítez-Lopez et al. (2010) found a general decrease in 
bird population densities with the increased proximity of roads. However, the 
species abundance of Accipitriformes and Falconiformes were higher nearby 
the infrastructure, probably because of the extra foraging opportunities that 
roadkill carcasses offer. This study also proved that road-effect zones may 
expand up to a kilometer in most of the studied bird species, and this effect 
is more prominent in open areas compared to forest habitats. Interestingly, 
birds also show behavioural adaptations to road traffic, e.g. Legagneux and 
Ducatez (2013) found that individuals of common European species adjusted 
their flight initiation distance (an indicator of escape propensity) to the speed 
limits of roads, with earlier escape (longer flight initiation distances) on roads 
with higher speed limits.
Perhaps the most characteristic components of urbanized landscapes are 
buildings. Building-covered patches are unsuitable areas for many birds be-
cause they cannot use these as foraging or breeding sites (but see below for ex-
ceptions). In addition, buildings are usually associated with increased human 
activity, pets, pollution, elevated noise and light levels, reduced vegetation, 
thus, might be avoided by species susceptible to disturbance. However, more 
tolerant species may gain benefits from their presence (Miller et al. 2001). 
For example, the proximity of buildings may serve as a thermal shelter for 
overwintering arthropods (reviewed by Raupp et al. 2010) and certain bird 
species preferentially roost or breed in houses. Collision mortality in birds 
is also highly increased by the presence of buildings. Long distant migrants 
during their annual spring and fall routes are especially vulnerable to such 
risks; however, a recent study on North-American birds failed to find posi-
tive correlation between collision mortality and long-term population trends 
(Arnold & Zink 2011). Last but not least, with increasing building density the 
surface covered by vegetation is necessarily reduced and spatially more het-
erogeneous, adversely affecting the distribution, abundance and species rich-
ness of many native animal taxa. Reduced vegetation is also one of the major 
factors responsible for urban heat islands (see above), as vegetation cover de-
creases the amount of absorbed solar radiation, and cools air temperature by 
evapotranspiration (Pickett et al. 2011).
The above is not a complete list of the altered environmental components 
affecting wildlife in urban areas, though it demonstrates the complex, wide-
ranging effects of urbanization on habitat characteristics (Table 1). However, 
while some of these abiotic factors seem to be unique to cities (e.g. heat islands, 
various pollution types, severe disturbances) they can also be found far from 
human dominated habitats. Hence, urban environment is not unequalled be-
cause of its novel types of disturbances, but mostly the combination, intensity 
and extent of these environmental features make it special (Faeth et al. 2011).
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Table 1. Common features of urban ecosystems mediated by human activities and exam-
ples of their positive and negative impacts on birds. 
Features of ur-
banized habitats
Impacts on birds
Positive Negative
Increased tem-
perature (heat 
island effect)
– Prolonged vegetation pe-
riod enables extended breeding 
season (e.g. multiple broods per 
year).
– Increased overwinter survival 
and higher post-winter body 
condition.
– Reduced annual fluctuations in 
population size.
– Altered phenology leading to 
increased asynchrony between 
trophic levels.
Increased chemi-
cal pollution
– Bioaccumulation of pollutants 
affects birds’ physiology leading 
to reduced body condition.
– Reduced arthropod fauna 
affects insectivorous birds’ diet 
leading to their decreased breed-
ing success.
Increased light 
pollution
– Longer period of activity. – Altered behaviour.
Increased noise 
pollution
– Increased stress.
– Interference in communication 
and predator-prey interactions.
– Altered behaviour.
Increased traffic – Increased risk of collision 
mortality.
– Increased pollution and distur-
bance leads to decreased body 
condition.
Landcover 
change: in-
creased area of 
impermeable 
surfaces
– Decreased vegetation cover 
leading to reduced food avail-
ability (granivorous and insec-
tivorous birds).
– Decreased nest site availability 
for species nesting in foliage.
Landcover 
change: de-
creased veg-
etation cover, 
increased pro-
portion of exotic 
plants.
– Reduced natural food availabil-
ity (granivorous and insectivo-
rous birds).
– Decreased nest site availability 
for species nesting in foliage.
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EFFECTS OF URBANIZATION ON AVIAN BIODIVERSITY 
AND SPECIES COMPOSITION
As we show above, habitat urbanization has both adverse and beneficial 
effects on bird populations, and the collective and often synergistic impacts 
of these will determine which birds can persist, colonize, or become extinct 
in urban habitats. In general, the many detrimental aspects of urban environ-
ments often result in decreased species diversity. Birds usually exhibit lower 
species richness and evenness in urban regions compared to more natural 
areas, with the lowest diversities documented in urban core areas (McKin-
ney 2002, 2008). However, the decrease in avian biodiversity with increasing 
urbanization is not strictly monotonic, as avian species richness often tends 
to peak in the suburbs, i.e. at intermediate levels of urbanization (Blair 1996, 
Marzluff 2001, 2005, Chace & Walsh 2006, Lepczyk et al. 2008). This pattern 
may be explained by the intermediate disturbance hypothesis (Connell 1978) 
which predicts that areas with moderate levels of disturbance (e.g. human 
influences) will harbour higher species diversity than areas with higher or 
lower frequency and/or degree of disturbance, because the regular, low-scale 
disturbances promote landscape heterogeneity, create novel communities (be-
cause different habitats occur alongside to each other), and also prevent the 
strongest competitors rising to competitive exclusion. Additionally, in these 
rural to urban transition zones species responding positively and negatively 
Table 1 (continued)
Features of ur-
banized habitats
Impacts on birds
Positive Negative
Artificial nest-
sites (buildings, 
nest-boxes)
– Increased nest site availability 
for certain species.
Altered food 
and nutrient 
availability
– Increased survival (omnivo-
rous bird species).
– Increased body condition of 
adults (omnivorous bird species).
– Reduced annual fluctuations in 
population size.
– Decreased body condition and 
survival of nestlings (insectivo-
rous birds).
– Increased reliance on anthropo-
genic food sources.
– Increased risk of disease trans-
mission on bird feeders.
Altered preda-
tion pressure
– Increased or decreased preda-
tion risk of nests and adults 
(location specific).
– Increased or decreased preda-
tion risk of nests and adults 
(location specific).
Introduction of 
exotic, ubiqui-
tous species
– Increased competition for na-
tive species.
– Biotic homogenization.
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to urbanization may co-occur. To our knowledge, however, it has not been 
tested exactly which characteristics or processes of suburban areas promote 
local species diversity.
Besides diversity, urbanization also influences species composition of 
the avifauna. According to the terminology of Blair (1996), bird species of 
urban areas can be categorized as urban avoiders, urban adapters and urban ex-
ploiters, differing e.g. in the degree to which they can tolerate disturbance and 
utilize and rely on human-provided resources (McKinney 2002). Typical ur-
ban avoiders are often long-term migrants, habitat specialists (e.g. exclusively 
feeding on arthropods), or species that are very sensitive to human-related 
disturbances (e.g. large raptors), because, for example they are nesting on the 
ground. These birds are mostly native in a community and can be found in 
relatively undisturbed habitats (covered mainly of native vegetation) outside 
of cities. Urban avoiders are the most adversely affected by urbanization, re-
sulting in their abundance to be the lowest in urban areas. Urban adapters are 
often edge species, residing in areas with intermediate levels of disturbance 
(e.g. suburbs), and besides natural resources they facultatively utilize a re-
markable proportion of human provided resources, e.g. food from garbage or 
bird feeders. Cavity or shrub nesters and omnivore species are typical in this 
category, such as members of families Corvidae or Paridae (e.g. Croci et al. 
2008), or some ground feeding finch species. Similarly, several gull species are 
also successfully established colonies in coastal cities, nesting on roof-tops (e.g. 
Rock 2005). Urban adapters include both native and non-native species, and 
they tend to be dominant in the rural to urban transition areas (at intermedi-
ate development), where land-use is the most heterogeneous. The group with 
highest urban abundance, the urban exploiters (or synurbic species, Francis & 
Chaswick 2012) can be found in the most urbanized areas, where native habi-
tats are scarce and human-altered conditions are predominant. These species 
not only tolerate but prefer urbanized areas, proven by that their populations 
typically reach higher densities in urban compared to more natural habitats. It 
is important to keep in mind however, that a species can labelled as synurbic 
in one location, but not in other – therefore it is more appropriate to speak of 
synurbic populations, rather than entire species, except if a species is synurbic 
across all of its range (Francis & Chaswick 2012). The communities of urban 
exploiters are frequently characterized by a few prevailing and often alien spe-
cies (e.g. van Rensburg et al. 2009), and by few native ones; furthermore, their 
diversity and abundance is usually not dependent upon natural vegetation 
(reviewed by McKinney 2006). Synurbic species not only exploit but often 
have become dependent on sources provided by humans (Shochat et al. 2006), 
e.g. the Feral Pigeon Columba livia, House Sparrow or European Starling Stur-
nus vulgaris can be termed to be worldwidely synurbic. Other species, like the 
House Crow Corvus splendens, Common Myna Acridotheres tristis in Australia 
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or India, the Blackbird in many parts of Europe, the House Finch Haemorhous 
mexicanus in North America are also good examples of this category. Com-
pared to urban adapters which are often early successional species from more 
natural habitats adjacent to cities, exploiters are well adapted to human-domi-
nated landscapes, often sharing a long common history with humans (e.g. the 
House Sparrow, Ericson 1997, Saetre et al. 2012).
Further general aspects of species composition are that the proportion of 
exotic species increases toward heavily urbanized areas (Marzluff 2001, Lep-
czyk et al. 2008, van Rensburg et al. 2009) and that bird communities of highly 
urbanized areas are structurally simpler compared to those of more natural 
areas (i.e. in relatively simple food webs and reduced ecosystem complexity 
offer reduced type of niches to similar species; McKinney 2006). This pattern 
is the consequence of various human activities: the introduction of non-native 
species (willingly or accidentally), alteration of vegetation species composi-
tion, and the creation of habitats that are similar to each other (especially in 
urban cores) even if they are in different regions of Earth (McKinney 2006, 
Sorace & Gustin 2008). Accordingly, in Britain, Evans et al. (2009) did not 
find latitudinal gradient in avian species richness in cities, despite the fact 
that such gradients have been shown in non-urban areas of Europe. These 
successful urban-dweller species are proposed to be (pre)adapted to human-
created conditions, thus are able to flourish in urban areas all over the world, 
while competitively exclude non-synurbic species (Shochat et al. 2010). This 
phenomenon has been referred to as biotic homogenization (McKinney 2006), 
including both taxonomic (reduced number of species) and functional ho-
mogenization (dominance of generalist over specialist species). Not surpris-
ingly, the retention of native vegetation enhances the persistence of native 
faunal elements and also, increasing vegetation cover also positively affects 
species richness in the urban matrix (reviewed by Luck & Smallbone 2010). 
There are studies from urban areas suggesting that native, forest species (ur-
ban avoiders) respond positively to increased and aggregated vegetation 
(Donnelly & Marzluff 2006), and negatively to increasing cover of exotic 
urban vegetation, just contrarily to synurbic bird species (Donnelly & Marz-
luff 2004). However, as increased levels of urbanization and the proportion 
of exotic vegetation are often positively correlated, disentangle the effect of 
vegetation from other effects of increased habitat urbanization is not easy. 
For example, even activities, such as bird-feeding in suburban gardens which 
seem to be quite harmless at first glance, could indirectly reduce local avian 
biodiversity, if overabundant, larger and aggressive species profit unequally 
more from feeders, excluding smaller, subordinant ones from the surround-
ings of feeding stations (Parsons et al. 2006). Species-specific responses were 
also highlighted by a a correlative study in the UK (Fuller et al. 2008), report-
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ing positive relationships between the densities of bird feeders and certain 
urban-dweller species (e.g. Eurasian Blackbird or House Sparrow), while the 
density of some typical garden-species (e.g. Great Tit and Blue Tit Cya nistes 
caeruleus) was unrelated to bird feeding activity.
MECHANISMS GENERATING CHANGES 
IN URBAN AVIAN COMMUNITIES
Human-related environmental factors affecting the urban avifauna have 
been partially covered previously, including many negative direct and indi-
rect effects. However, as we already mentioned, not all of the human activi-
ties are detrimental to birds, as one can easily infer from the often dramatic 
increase of the density of some urban species (e.g. Marlzuff 2001, Chace & 
Walsh 2006, van Rensburg et al. 2009). In shaping of these remarkable dif-
ferences between population densities (and ultimately communities) the 
human-influenced food webs also play a principal role (Fig. 1). The general 
assumption is that cities are associated with highly increased and predictable 
resources and with lower predation risk (Shochat 2004, Shochat et al. 2006, 
Anderies et al. 2007). In the rest of the review, we will discuss these assump-
tions in details.
Changes in resource-based forces
Those populations which are limited principally by food or nutrient 
availability (i.e. the lower trophic levels) are termed to be under bottom-up 
control. The changes in resource-based forces in cities either due to the in-
creased primary productivity or human provided food sources (e.g. seed in 
bird feeders, communal waste) are termed as bottom-up effect (Shochat 
2004, Fig. 1a). These are profound interventions to urban food supply dynam-
ics and suggested to reduce birds’ starvation risk and enhance reproduction 
(Robb et al. 2008a). Although the effects of extra food sources on wild bird 
populations may seem somewhat obvious at first glance, our knowledge on 
this topic is far from complete.
First of all, this bottom-up effect is paradoxical, since despite the abun-
dant resources (at population level) the high density of consumers may reduce 
the per capita amount of food (at individual level) due to the supposedly strong 
competition. This could result in resource overmatching where, ultimately, 
most urban individuals may not reach higher fitness compared to individu-
als of nonurban areas. A competition model (credit card hypothesis; Shochat 
2004) has been suggested to resolve this paradox by emphasizing the role of 
continuous and predictable food input in cities. The theory suggests that, on 
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Fig. 1. Conceptualization of the effects of habitat urbanization on food-web dynamics: (a) 
bottom-up and (b) top-down regulation in urban areas. The impacts of human activities on 
urban bird populations suggested to explain the general pattern of increased prey popula-
tion densities in urban areas. Arrows indicating the direction of the influence.
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the one hand, the increased avian biomass in urban areas consists mainly of 
poor quality individuals with inferior competitive abilities and low body re-
serves that can live only on a day-to-day basis in cities but would be removed 
by natural selection in environments with more unpredictable resource renew-
al. They are the losers of competition, ‘living on the credit of tomorrow’. Such 
individuals’ contribution to next generation (i.e. their reproductive success) is 
small, however they are accounting for a significant proportion of urban popu-
lations. At the same time, the case of competition’s winners is just the contrary: 
they constitute the minority of the urban population, while only they are able 
to maintain high body reserves enough to successfully reproduce. Taken to-
gether, this theory predicts overexploitation (instead of resource matching) in 
cities – therefore, we should find larger populations in cities with individuals 
of generally inferior body condition and competitive performance, and lower 
average fitness, and also higher variance in these traits.
While some general characteristics of urban bird populations fits into 
this theory (e.g. certain species’ high abundances, or the generally lower av-
erage productivity; Chamberlain et al. 2009a), other findings on successful 
synanthropic bird species do not support the model’s predictions. For exam-
ple, a study conducted on the Northern Cardinal Cardinalis cardinalis estimat-
ed the species’ density in urban forests to be four times higher compared to 
rural areas, yet it did not find any significant habitat related differences in 
annual breeding success (mean of fledged chicks per pair), apparent survival 
rates and body condition (Rodewald & Shustack 2008). A recent study on the 
house finch (Giraudeau & McGraw 2014) reported some negative relation-
ships between urbanization and certain metrics of birds’ physiology (e.g. lev-
els of vitamin A and plasma carotenoid), but none of these differences were 
consistent throughout the year, suggesting only season-specific, but not year-
round and long lasting detrimental effects of urbanization on birds’ quality. 
Likewise, studies of the house sparrow found no evidence of any system-
atic, urbanization-related differences in stress responses, physiology, colora-
tion, or body condition of adults, although birds of urbanized habitats were 
found to be proportionally smaller (but not leaner) compared to their rural 
conspecifics (Liker et al. 2008, BÓkony et al. 2012). In another study, urban 
and rural sparrows neither differed in their competitive performance, nor did 
the authors found any relation between individuals’ body mass, competitive 
success or in variance of competitive abilities (BÓkony et al. 2010). Similarly, 
a recent study on the song sparrow failed to find detrimental effects of in-
creased habitat urbanization on birds’ stress physiology and body condition 
(Grunst et al. 2014). These results do not support the credit card hypothesis; 
furthermore the above findings on house sparrows also imply that the smaller 
body size of adult urban birds may not necessarily denote inferior physical 
condition or poorer competitive abilities.
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It is generally accepted that increased food abundance and predictability 
is a major driver of increased avian biomass in urban areas (Fuller et al. 2008). 
For example, several gull species (e.g. Hatch 1996) or ibises Threskiornis sp. in 
Australia (Martin et al. 2011) and Europe (Clergeau ӕ Yésou 2006) utilize and 
thrive in urban landfills. But humans not only unintentionally provide food for 
wildlife. Bird feeding in residential gardens is quite a common practice in many 
parts of the world: in the UK, for example, ca. 50–75% of the surveyed house-
holds are estimated to provide food, most frequently bread, fat and peanuts, for 
birds, which comes out at hundreds of thousand tons of food annually (Cowie 
& Hinsley 1988, Davies et al. 2009). Such amount of anthropogenic food has the 
potential to substantially affect urban birds’ reproduction either by influencing 
parents or nestlings through numerous ways. Thus, in order to better under-
stand the underlying mechanisms by which extra food influences breeding suc-
cess, we should separate its effects on adult birds and their nestlings.
Let us begin with adult birds. The constraint hypothesis (Perrins 1965) 
predicts that low food availability in the pre-breeding period, due to energy 
and/or nutrient poverty, restrains female’s egg formation. However, in urban 
habitats the extra food, along with the decreased energetic demands prior 
breeding (due to the milder climate), supposedly enhance both overwinter 
survival and body condition of adults. The generally earlier egg-laying dates 
of urban passerines (Chamberlain et al. 2009a) in cities might reflect this bet-
ter condition; however, on the very same basis, larger clutch size, at least in 
the first nesting attempt, should also be expected in urban habitats. But this is 
not the general pattern (see the review of Chamberlain et al. 2009a), and e.g. 
the similar body condition of Northern Cardinals, House sparrows (captured 
in October–Februar) or Song Sparrows (in breeding season) in differently ur-
banized areas also contradicts the generality of urban birds’ better pre-breed-
ing condition (Rodewald & Shustack 2008, BÓkony et al. 2012, Grunst et al. 
2014). An other theory (the anticipation hypothesis, Lack 1954) suggests that 
the increased availability of human-supplied food preceding the breeding 
season might serve as a cue for females, indicating suitable future conditions 
for chick rearing periods, thereby triggering their earlier start of breeding. In 
this sense birds depend on information of their environment’s quality. If we 
take into consideration that in the temperate climate zone bird feeding gen-
erally stops as spring arrives, such winter food supplementation might be a 
misleading cue for birds, creating an ecological trap, as it may falsely predict 
enhanced food abundance later in the breeding season. The outcome of such 
early breeding could result in a mismatch between the peak of natural food 
availability and nestlings’ food demand, ending up in decreased chick sur-
vival. In line with this theory, supplementary food experiments often report 
advanced laying dates (e.g. see the review of Robb et al. 2008b), but much less 
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frequently found any substantial increase in clutch size (e.g. Blue Tit, Ramsay 
& Houston 1997, Great Tit, Nager et al. 1997), although larger clutches in 
some supplemented birds are also reported (e.g. Florida Scrub-jay Aphelocoma 
coerulescens, Schoech 1996).
It is also important to disentangle the short- and longer-term effects of 
food supplementation to birds’ body condition and breeding success. Fur-
thermore, food supplementation before or during the breeding season might 
have different effects. To distinguish between short- and longer-term effects, 
Robb et al. (2008b) conducted a landscape-scale experiment on Blue Tits in 
woodland habitats, where peanuts was subsidized ad libitum for months, but 
was suspended six weeks before egg-laying. They found that birds at sup-
plemented sites initiated egg-laying earlier and fledged more young per nest, 
however, clutch size, hatching ratio or fledgling mass were similar between 
the treated and control groups. The authors concluded that higher nestling 
survival at the subsidized sites was supposedly the result of improved par-
ent condition that could enhance parental care. A similar study on the same 
species (Plummer et al. 2013a) proved that quality of food provided during 
winter is also important, as fat provision had negative effects on egg quality 
in the subsequent breeding season, whereas this effect was mitigated when 
fat was amended with vitamin E. A possible explanation for this result is that 
birds may have become dependent on such easily accessible, energy-rich food 
source; though it may have enhanced their overwinter survival, it reduced 
their dietary diversity, leading to that they failed to build up reserves of key 
nutrients important in egg formation. In a follow-up study with the same de-
sign (Plummer et al. 2013b) fat supplement had similarly no effect on clutch 
size, but had detrimental effects on the number, weight and size of fledged 
young. In a three-year long study of woodland great tits and blue tits, sev-
eral week long food supplementation until hatching yielded some surpris-
ing outcome, as the authors found reduction in both clutch size and number 
of hatched young in the treated groups (Harrison et al. 2010). These results 
are difficult to interpret, but one possible explanation is again the subopti-
mal nutrient content of the provided food (‘peanut cake’ which is fat-rich but 
protein-poor) leading to dietary deficiency. Alternatively, bird feeding may 
increase adult survival, and, as predicted by life-history theory, birds with 
longer life expectancy may reduce their breeding investment per brood. The 
influence of diet quality was also emphasized by Reynolds et al. (2003) who 
found that laying date, egg mass and clutch size were increased in florida 
scrub-jays supplemented with protein- and fat-rich food, but not in groups 
fed with fat-rich food only; however, the increment in clutch size was year-
dependent, possibly reflecting differences in natural food availability.
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These studies demonstrate that food supplementation may not always be 
self-explanatory beneficial for adult birds, as supplementary feeding has the 
potential to disrupt the natural patterns of avian reproduction. Their results 
also indicate that impacts of bird feeding are species-specific, furthermore 
likely to depend on the given year and natural resource availability, quality of 
the offered food, and also highlight that the long-term effects of abundant sup-
plementary food sources on individuals and populations are poorly known. 
Although most of the above cited supplementary-feeding studies were not 
conducted in urban habitats, many of the differences found between fed and 
unfed tits (e.g. earlier laying, smaller broods and chicks) can also be found 
between these species’ urban and non-urban populations (Chamberlain et 
al. 2009a), suggesting that abundant anthropogenic food sources might play 
a role in this pattern. We only remark here, that beyond the direct physiologi-
cal impacts we have discussed above, bird feeding is potentially involved in 
a number of other effects on wild bird populations, including several behav-
ioural changes, competition for territories, increased disease transmission or 
changes in dispersal or migration patterns, etc. (Jones & Reynolds 2008).
As regarding of the nestlings, the high proportion of anthropogenic food 
may shift their diet towards higher ratios of ‘junk food’, especially when natu-
ral food is scarce. This assumption has gained some evidence in a food-choice 
experiment with wildland and suburban Florida Scrub-jays where, during 
nestling rearing parents showed stronger preference to natural food (wax-
worm) over human-provisioned (peanut), regardless of habitat. However, 
when handling time of arthropod food was experimentally increased, they 
switched to higher ratios of peanuts; but suburban parents were still more 
likely to choose natural food. These results are suggested to indicate reduced 
arthropod availability in suburban habitats (Sauter et al. 2006) as it was also 
found in a former arthropod-monitoring study in the species’ suburban and 
wildland habitats (Shawkey et al. 2004). Results on urban-dweller European 
starlings also showed that their nestling diet contains more human refuse 
compared to those of less urbanized habitats (Mennechez & Clergeau 2001, 
2006). Studies on Australian Magpies Gymnorhina tibicen, a common species in 
the suburbia, found that nestlings of pairs that regularly visit feeding stations 
receive less natural food compared to the chicks of those parents that were 
never recorded to forage on bird feeders (68% vs. 97%, respectively; O’Leary 
& Jones 2006). However, while the altered palette of urban food sources can 
be more or less appropriate for adult birds, it may not so suitable for nestlings, 
requiring protein-rich diet. Supporting this, compared to nestlings of less ur-
banized habitats, urban ones often reach lower body mass (e.g. European 
Starling; Mennechez & Clergeau 2001, 2006), Western Gulls Larus occidentalis 
(Pierotti & Annett 2001), American Crows Corvus brachyrhynchos (Heiss et al. 
2009) or Great Tit (HÕrak et al. 2000) and suffer from higher mortality (Cham-
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berlain et al. 2009a), as reduced nestling body size of urban chicks can be 
associated with increased mortality as was shown e.g. in the House Sparrow 
(Peach et al. 2008, Seress et al. 2012, Fig. 2). Nestling size also strongly predicts 
later fledging success in the Great Tit (Plummer et al. 2013b), and size prior to 
fledging is known to be a good predictor of later recruitment as a breeding 
adult in many bird species (Schwagmeyer & Mock 2008). Thus, the quantity 
and/or quality of nestling food is one of the most crucial factors for chicks, as 
early nutritional conditions strongly affect both their survival and develop-
ment. Moreover, the results of some experimental studies e.g. in the House 
Sparrow (Anderson 2006), Song Sparrow (Searcy et al. 2004) and Western 
Gull (Pierotti & Annett 2001) suggest that developmental fallbacks are car-
ried over to adulthood. The positive effects of high quality nestling food on 
nestling production also has some support from experimental studies. For 
example, urban Carrion Crow Corvus corone corone pairs supplemented with 
protein-rich food during chick rearing produced more and greater-sized fledg-
lings (Richner 1992). Parkland great tits supplemented with mealworms from 
hatching to fledging produced heavier nestlings, but the number of fledged 
young was not affected; although, whether parents consumed the extra food 
or they fed it to their nestlings, is largely unknown from this study (Banbura 
et al. 2011). A recent study on House Sparrows also demonstrated increased 
nestling production in mealworm-supplemented nests, although this increase 
was similar in suburban and rural habitats (Peach et al. 2014). The impacts of 
nestling diet were also supported by a study in which urban and rural house 
Fig. 2. Differences in (a) nestling growth (as measured by body mass before fledging) and 
(b) breeding success (as measured by brood size before fledging) in House Sparrows living 
in rural (white) and suburban (grey) habitats in Hungary in 2009 and 2010. The number of 
(a) nestlings and (b) nests are shown in each graph (data obtained from Seress et al. 2012)
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sparrows were kept in aviaries supplied with ad libitum food of diverse com-
position: these birds performed similarly in all aspects of breeding param-
eters, despite the marked differences found between free-living suburban and 
rural populations of the same geographic region (Seress et al. 2012).
Thus, a plausible explanation for certain urban passerine birds’ lower 
reproductive success and their nestlings’ smaller size can be the lack of high 
quality nestling food, e.g. arthropods which show reduced abundance and/or 
diversity with increasing urbanization (Shochat et al. 2004, Fiera 2009, Mc-
Intyre & Rango 2009, Niemelä & Kotze 2009, Raupp et al. 2010, van Nuland 
et al. 2014). While available quantitative data on densities and diversities of 
many arthropod taxa are poor, the elevated levels of pollutants, the higher 
proportion of pavement cover, the increased usage of pesticides in residential 
gardens and park areas, the strong thinning of shrub layer, mown turf and the 
removal of leaf litter in green spaces, and also the high proportions of exotic 
plants are all assumed to reduce their presence in urban areas. The impor-
tance of tree patches and certain native plant taxa was also demonstrated by 
a recent paper investigating foraging choices of two parid species in a diverse 
urban green patch (Mackenzie et al. 2014). This study found that blue tits 
foraged more on native plants than on exotics, and also preferred decidu-
ous vegetation over evergreens – but this selectivity decreased in the nestling 
rearing period, probably because the increased time constraints. Great tit par-
ents were not so selective before hatching, but similarly preferred native de-
ciduous vegetation over evergreens – although, somewhat surprisingly, they 
preferred non-native plants to natives after fledged their young. The general 
preference in both species for larger, deciduous trees over other types of veg-
etation possibly shows greater arthropod richness of this vegetation.
Those arthropod groups which are positively or not affected by urbaniza-
tion are typically smaller sized (such as aphids) or more or less unavailable for 
many insectivorous birds (e.g. dust mites, leaf-mining moths or gall-forming 
taxa; Raupp et al. 2010). Furthermore, the size of individual arthropods within 
a taxa is also known to be reduced in urbanized and polluted environments 
(Niemelä & Kotze 2009, Zvereva & Kozlov 2010) which may further decrease 
their availability and value as nestling food. According to this, a study on 
chick-feeding behaviour of the same species provides direct evidence for the 
hypothesis that suburban nestlings receive diet of lower quality and/or quan-
tity as their parents delivered significantly fewer large prey items e.g. large 
caterpillars or orthopterans than those in rural habitats (Seress 2014). These 
large prey items seem to be the most valuable type of nestling food since their 
delivery rate strongly predicts fledging mass and recruitment (Schwagmeyer 
& Mock 2008). In their study Schwagmeyer and Mock (2008) made an attempt 
to translate invertebrate food size into food value and estimated that a single 
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large prey item’s (>2 cm) dry weight is 30–40 times greater, thus it is signifi-
cantly more valuable than a small one (< 0.6 cm). It is not yet known, however, 
whether a large prey item is superior merely due to the disproportionately 
larger quantity of nutrients it provides (Schwagmeyer & Mock 2008) or be-
cause it represents specific taxa of particular nutritional value (e.g. spiders 
contain high levels of taurine, Ramsay & Houston 2003).
Changes in consumer-based forces
Populations are under top-down control when trophic interactions from 
higher levels of the food web – in this case predation pressure – is their main 
limiting factor. The background mechanisms affecting these consumer-based 
forces of urban food webs are rather complex and substantially influenced 
by human activities (Fig. 1b). However, despite its potential importance as a 
driver of urban bird community dynamics, the changes of top-down forces are 
poorly understood, even less than those of the bottom-up control mechanisms.
The general assumption is that predation pressure is reduced in urban 
areas (also known as predation-relaxation or safe-zone hypothesis) which is 
mainly based on urban birds’ reduced fearfulness to humans and the some-
times low abundance of their native predators (Gering & Blair 1999, Shochat 
et al. 2006). The predation relaxation is suggested to partially explain the great 
biomass of avian prey species in cities.
On the one hand, there are studies reporting higher or similar survival 
rates of prey species in urban than in rural areas (e.g. reviewed by Evans 2010, 
Fischer et al. 2012) which can be attributed to lower predation rates in urban 
habitats. This is an indirect approach, however, as higher survival rates may 
result from several other factors (e.g. more predictable food, milder climate 
or reduced migratoriness). Therefore estimating survival rates as a proxy of 
predation pressure do not give us details on the background mechanisms. An 
alternative is to quantify and compare prey species’ antipredator behaviour 
along the urbanization gradient. One common approach uses the flight initia-
tion distance (FID) to assess the actual predation risk perceived by prey. The 
FID measures the distance at which an animal flushes away when a potential 
predator or novel object approaches; hence, it is thought to be informative on 
predation risk in different environments as birds exposed to greater preda-
tion risk are expected to show a stronger propensity to escape, i.e. longer FIDs 
(i.e. flush earlier; Stankowich & Blumstein 2005). When comparing popula-
tions of the same species, FIDs are consistently shorter in urbanized areas (e.g. 
MØller 2008), even in relatively sensitive raptor species (e.g. Keeley & Be-
chard 2011). However, an important caveat is that FID is usually measured as 
a reaction to approaching humans (e.g. in the above studies), yet it is used as a 
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proxy for representing general predation risk perceived by birds. This may be 
false if birds distinguish humans and other predators in terms of dangerous-
ness which can be plausible as most humans do not hunt or persecute birds 
in urban areas (but this can species- and region-specific, see Clucas & Mar-
zluff 2012) opposed to sparrowhawks, cats or other predator species. Thus, 
as in urban areas increased boldness toward anthropogenic disturbances is 
hypothesized to be beneficial (MØller 2008), such bold behaviour may not be 
adaptive as a response to predators. Whether FID is a reliable approach for 
assessing perceived predation risk in general is questionable and still requires 
further investigations. Irrespective of this problem, the studies of FID suggest 
a plausible mechanism that can reduce predation risk at least for some urban 
birds. Since FIDs are found to be much higher in larger-bodied, predatory 
species than in small prey species, the presence of humans in cities can often 
create predator-free refuges for the tamer prey species (MØller 2012).
On the other hand, contrarily to the predation-relaxation assumption, 
the overall abundances of certain potential predators like corvids (Jokimäki & 
Huhta 2000, Marzluff et al. 2001, Marzluff & Neatherlin 2006) or mamma-
lian, omnivorous mesopredators (e.g. raccoons, mustelids; Prange et al. 2003, 
Herr et al. 2008, TÓth et al. 2011, Červinka et al. 2014) are frequently higher in 
urban environments compared to adjacent, more natural habitats (Rodewald 
et al. 2011, Šálek et al. 2015). The results of growing number of monitoring stud-
ies demonstrate that many predatory species have the ability to adapt to and 
gain from human altered landscapes and have increased their urban popula-
tions recently. Likewise, non-native mesopredator species, e.g. the Domestic 
Cat Felis catus can also reach extremely high densities in cities, far above their 
natural carrying capacity (Lepczyk et al. 2003, Baker et al. 2008, Sims et al. 2008). 
The fact that these predators reach the highest numbers in urban habitats (e.g. 
Haskell et al. 2001, Sorace 2002), yet their avian prey species also thrive there 
in great numbers, entail contradictory predictions on the importance of top-
down control, leading to a predation paradox which seems to be a widespread 
phenomenon in urban habitats (Fischer al. 2012). This paradox questions if 
urban bird populations are strongly top-down regulated (Shochat 2004).
A number of factors make it difficult to evaluate this paradox. First, pre-
dation on fledged juveniles and adult birds and predation on nests involve 
different predators. While raptors prevailingly prey upon adult birds, many 
feral, mammalian mesopredators and corvids (magpies, jays and crows) 
are usually known to prey mainly upon eggs and nestlings (e.g. Jokimäki & 
Huhta 2000, Marzluff et al. 2001). However, response of predators to ur-
ban environment is complex. Similarly to prey species, urbanization filters 
different predator species as well, favoring generalists over specialists (e.g. 
Jokimäki & Huhta 2000, Sorace & Gustin 2009) – hence the densities of these 
two predator groups are assumed to change differently along the urbaniza-
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tion gradient. For instance, the absence of vulnerable apex-predator species in 
urbanized areas may lead to mesopredator release (Ritchie & Johnson 2009), 
indirectly increasing predation rates of both nests and fledged birds (Rogers 
& Caro 1998, Crooks & Soulé 1999). Additionally, it seems that large-bodied 
carnivores and snake species respond negatively to urbanization, while gen-
eralist bird and omnivorous mammal predators fare much better in urban 
environments reaching high abundances, especially in the case of some intro-
duced predators (Fischer et al. 2012). Despite their high densities, however, it 
is debated whether these potential predators act as actual predators or rather 
rely on anthropogenic, easily accessible food sources (e.g. garbage or subsi-
dized food for pets). If omnivorous predators shift their diet and consume 
alternative food sources instead of hunting, this results in lower actual pre-
dation rates than it would be assumed by predators’ abundance alone (e.g. 
Rodewald et al. 2011). Some results support this theory in the case of cor-
vids. Corvids are often abundant in cities, but despite their high numbers, 
correlative studies based on common bird census data in Britain failed to find 
negative relationships either between the densities of these nest predators and 
their preys and avian densities (Evans et al. 2009), or species richness (Sims et 
al. 2008). In line with this, the removal of the common nest-predator Black-
billed Magpies Pica pica from suburban parks in Paris did not yield increment 
in the ten monitored songbird species’ populations (Chiron & Julliard 2007). 
To assess the impact of such nest predators, the applying of artificial nests is 
far the most frequent method. However, despite of the plenty of published 
papers so far, the findings are conflicting, leaving the relationship between 
habitat urbanization and nest predation rates equivocal (see e.g. Chamber-
lain et al. 2009a, Rodewald et al. 2013). For example, in a decade-long moni-
toring study, involving more than a thousand natural nests in forest patches 
along the urban gradient the authors did not found consistent relationship 
between degree of urbanization and daily nest survival rates (Rodewald et al. 
2013). This result is interesting, because increasing urbanization and the oc-
currence of many mesopredator species was positively correlated – but nest 
predation rates related to predator densities only in rural habitats, and not 
in urban forest patches (Rodewald et al. 2011). Concluding these results, it 
seems that certain type of predators’ reliance on anthropogenic food sources 
may have the potential to weaken the trophic linkages between predators and 
prey, and with the drastically elevated prey numbers, this may consequently 
lead to reduction in actual predation pressure. Additionally, it is also possible 
that urban bird communities contain greater proportion of species that have 
effective nest defense mechanisms against urban-adapted predatory species, 
thus are less vulnerable to nest predation (Stracey & Robinson 2012).
Although abundant alternative food sources may decouple interactions 
between prey and certain predator species, this is usually not the case for 
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urbanizing raptor species which rarely feed on human refuse or subsidized 
food. Despite their former negligence as important predators in cities, the re-
sponse of raptor species to urbanization can also quickly change: a number 
of carnivorous bird species that were formerly absent as breeders in urban 
areas have been documented to establish breeding populations within cities 
recently (Chace & Walsh 2006) such as the Eurasian Sparrowhawk Accipiter 
nisus, the Northern Goshawk Accipiter gentilis (Rutz 2008), the Eurasian Kes-
trel Falco tinnunculus (Salvati et al. 1999, KÜbler et al. 2005, Morandini 2006, 
Sumasgutner et al. 2014) or the Merlin Falco columbarius (Sodhi & Oliphant 
1992), supposedly responding to abundant prey populations and/or avail-
ability of nest sites in cities, or a delayed response to the decreased prosecu-
tion by humans. For example the Eurasian Sparrowhawk is known to be one 
of the principal predators of smaller bodied songbird species, and its num-
bers are increasing in several urbanized habitats (Chamberlain et al. 2009b), 
reaching high densities in large European cities like Hamburg (Risch et al. 
1996) or Prague (Kelcey & Rheinwald 2005). In Budapest, Hungary, breed-
ing Sparrowhawks are present from the early 1980’s (Bagyura 1985) and in 
2007, the number of breeding birds was estimated around 200 pairs (Bérces 
2007) which exceeds the breeding density of sparrowhawks in many natural 
habitats (Newton 1986). Furthermore, the number of sparrowhawks hunting 
in Budapest during winters is assumed to reach 500–600 individuals (Z. Ba-
jor, pers. comm.). Similarly, in a recent study, the Eurasian Kestrel’s breeding 
density was estimated to reach 89–122 breeding pairs/100 km2 in Vienna, with 
the highest density in the city centre (Sumasgutner et al. 2014). Such elevated 
ratio of predators to prey may increase predation risk, especially if raptors 
adapt their diet to the altered prey species composition of cities. Such a diet 
shift was reported in urban kestrels (e.g. Kelcey & Rheinwald 2005, KÜbler 
et al. 2005), as they consume higher ratios of avian prey, due to the lower 
availability of diurnal rodents in the more heavily urbanized areas (Sumas-
gutner et al. 2014); however, nocturnal raptors, such as the Tawny Owl Strix 
aluco are also known to take more bird prey items in urban areas (Goszczyn-
ski et al. 1993). Therefore, the fact that numerous studies report increasing 
breeding populations of various raptor species in urban areas infers that their 
population-regulatory role in urban areas should not be so easily dismissed. 
Strengthening this assumption, a study from Britain found that the start of ur-
ban house sparrow populations’ decline is fairly coincident with the recovery 
and continuous spread of sparrowhawk populations, and their colonization 
of urban habitats after the ban on DDT use (Bell et al. 2010). Consistently with 
this, an experimental study also demonstrated that predation pressure per-
ceived by a common prey species varies in relation to urbanization (Seress et 
al. 2011). By manipulating predation risk, the authors found that urban house 
sparrows responded more strongly to simulated Sparrowhawk attacks than 
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rural birds, and also that birds’ fearfulness highly increased with age (from 
young to older birds) in urban but not in rural sparrows. These results suggest 
different experiences with raptors during their lifetime in their original habi-
tat, and do not support the assumption of decreased predation risk in cities, 
at least posed by the Sparrowhawk.
Finally, we have to highlight the situation of a special predator, the do-
mestic cat which is virtually present all over the world’s urban areas. Cats 
are known to pose threat mainly to fledged birds (especially to juveniles), 
although their role as nest predators in urban areas is also documented (Rode-
wald & Kearns 2011, Stracey 2011). As this species reach high densities in 
urban areas compared to any native predator (e.g. Thomas et al. 2012), and 
readily hunt down wild species even when being subsidized, it is not surpris-
ing that cat predation is considered among the most important human-related 
causes of bird mortality (Baker et al. 2005, Dauphiné et al. 2009, Stracey et al. 
2011, Loss et al. 2013). However, as experimental manipulation of cat density 
in the urban matrix is problematic, proving or disproving their actual impact 
on prey species’ population size is difficult. A frequent approach, therefore, 
to estimate cats’ predation rates is based on surveying cat owners about the 
number of their pet’s returned prey. Converting these data to actual and typi-
cal predation rate also has some limitations, because prey returning rates are 
proven to be highly variable, depending on the individual cat, the season or 
the owners’ behaviour (Thomas et al. 2012). A further important caveat of this 
method has been also demonstrated by a recent paper from the USA (Loyd 
et al. 2013). This study applied cat-borne video cameras to record pet cats’ 
activity, and reported that only 23% of their prey items were carried home, 
implicating that previous studies based on cat owners’ surveys certainly and 
highly underestimated the actual predation rates posed by free-ranging cats. 
Whether this proportion is only the doomed surplus of prey populations (i.e. 
individuals that would have died anyway e.g. from age or parasites) and cats 
are causing only compensatory mortality or cat-posed mortality significantly 
contributes to certain species’ population loss, is still an open question.
Beside depredation, the sublethal effects of cats to birds were also gained 
empirical support recently, as in their current study Bonnington et al. (2013) 
showed that the mere presence of cats around nests resulted in reduced pa-
rental provisioning rates and increased chance of nest predation – the lat-
ter due to the conspicuous parental nest defence behaviour given to the cats. 
However, as usually, the impact of Domestic Cats on urban avifauna seems to 
be species-specific. In line with this a wide-scale correlative study in Britain 
(Sims et al. 2008), involving urban bird and cat populations did not find a gen-
eral negative correlation between bird and cat densities, instead they found 
that individual bird species responded differently. At the same time, this 
study found negative relationships between the avian species richness and 
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cat densities, especially in groups of birds termed vulnerable to cat predation 
(e.g. small bodied birds, foraging often close to the ground). The long-time 
and ubiquitous presence of cats and the lack of general negative correlations 
between predator and prey densities may also suggest that present species 
composition of urban aviafauna represents a subset of species which are se-
lected to be resilient to cat predation (Shochat 2004).
CONCLUSIONS
In this review we showed that several aspects of habitat urbanization 
have important consequences on bird populations. As illustrated above, seem-
ingly simple factors like food availability and predation risk may have com-
plex effects on urban birds. However, while a great amount of case studies 
has been conducted so far, especially from the latest decade, their results are 
often conflicting – thus, it is clear that our current knowledge on the ecological 
determinants of urban avian communities is far from complete. In this final 
section we discuss some of the most important caveats limiting our current 
state of understanding and we also propose some future research directions.
Biases in model species and geographical regions are perhaps the most 
prominent shortcomings of the accumulated literature. Regarding of the for-
mer, a considerable part of the studies has been conducted on a few and rela-
tively common passerine species (e.g. sparrow or tit species, or the Eurasian 
Blackbird). However, this raises the question that to what extend should we 
expand these findings to other bird species? For example, while it seems to 
be somewhat consistent that the adults of small passerine species living in 
urban and non-urban areas do not differ in their body condition, a study on 
Silver Gull Larus novaehollandiae populations found urban males to have ca. 
10% greater mass and body condition compared to males of a non-urban-
ized island (Auman et al. 2008). This may suggest that different species may 
respond differently to similar urban environmental conditions. Regarding 
of the geographical bias, most of the studies were conducted in Europe or 
North America, which again clearly limits the potential to generalize their 
findings. Additionally, information from the most heavily influenced, core 
regions of cities are also very scarce, leaving us with little insight into this 
part of the urbanization gradient. Further limits our overall understanding 
on urban ecological forces that while generalizations on changes in bottom-
up control (i.e. predictable and high resource availability) seem to describe a 
more or less widespread pattern of various urban landscapes, the changes in 
top-down control might be far more location-specific. Predators’ response to 
habitat-urbanization and their top-down regulatory role could depend on a 
great number of factors, including: species composition of the native predator 
fauna; predators’ timing of establishing urban populations; development of 
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the urban landscape (e.g. expansion of green belts); availability of certain re-
sources (e.g. suitable nesting sites); the former and present attitude of humans 
to certain predator species (e.g. persecution of raptors) which influence their 
present tolerance and fearfulness to humans; or the introduction of elsewhere 
successfully adapted, non-native predator species (e.g. raccoons) to ecosys-
tems. These factors may greatly vary from region to region, strongly influ-
encing an urban area’s current predator fauna, therefore the actual predation 
pressure on prey populations. This variety may even make it doubtful to iden-
tify a clear-cut, general trend in changing predation pressure along an ur-
ban gradient that would be applicable in wide geographical regions. Thus, in 
order to help to re-evaluate recent, supposedly simplistic conceptions, more 
studies on more species are needed from different climatic zones, and from 
broader scales of urban gradients.
Additional research would also be useful to evaluate the contradictory 
role of the most abundant urban predator, the Domestic Cat. Monitoring not 
just cats’ diet components or predation rates per se, but also the availability, 
density and population size of their prey species at the same time (e.g. as done 
by van Heezik et al. 2010) would be helpful in identifying susceptible wild 
species and their characteristics, and also to determine whether the consider-
able mortality caused by this predator is an actual population limiting force 
in cities, or not. Besides direct mortality, predators’ sub-lethal effects on prey 
populations are also need to be addressed more thoroughly. Predators’ mere 
presence is known to be detrimental to prey via numerous non-lethal effects 
(e.g. altered habitat use, increased stress levels, reduced foraging or nestling 
provisioning), the impact of which to prey populations may even exceed that 
of killing (reviewed by Cresswell 2009) especially in areas with high predator 
densities. Focusing more research interest to explore these subtle effects (e.g. 
as done by Bonnington et al. 2013) would also contribute to gain a more real-
istic and complete picture on predators’ actual regulatory role in urban areas.
Regarding of the bottom-up control, descriptive studies e.g. on urban 
passerines’ dietary components in chick-rearing period could help us to de-
termine on which extent these species rely on anthropogenic food sources. 
Additionally, more emphasis on experimental research would also be very 
useful. For example, manipulating food availability at sites with different de-
gree of habitat urbanization, followed-up by monitoring birds’ responses (e.g. 
reproduction, body condition, territory size), would help to assess the impor-
tance of this force.
Such research directions would help us to understand the mechanistic 
roles of the changes human activities generate in urban food webs, and to 
advance from only documenting patterns of urban bird communities to un-
derstand the underlying processes shaping them.
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